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(54) RNGERPRINT READER AND METHOD THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To precisely read the 
irregular form of a fingerprint with a simple circuit 
structure by forming a capacitor by a sensor electrode 
part having a plurality of electrodes whose surfaces are 
covered with a dielectric layer having a prescribed 
thickness, and a specimen making contact with the 
surface of the sensor electrode part, and detecting the 
voltage by an accumulated charge as the differential 
amplified output from the electrodes. 
SOLUTION: A plurality of sensor electrodes 3 (3A1-3An) 
formed on a semiconductor substrate are two- 
dimensionally arranged in a matrix, and a dielectric layer 
consisting of a thin film having an uniform thickness is 

laminated on the electrode surfaces to form a sensor ' \ 

surface 1 2. A line reading circuit selects a pair of 
adjacent sensor electrodes 3An and 3A(n+1) by 
switching change-over in the read of a voltage. The 
respective sensor electrode 3An and 3A(n+1) are 
connected to a data line to apply a voltage to the 

electrodes. Thus, a capacitor is formed by the electrodes 3An and 3A(n+1) and a specimen 
making contact with the surface of the sensor electrode part, and the voltage by the charge 
accumulated in the capacitor is inputted to a differential amplifying circuit to provide a 
differential signal output. 
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CLAIMS 



[Claim(s)] 

[Claim l] Sensor polar zone formed by 
therefore covering a front face of two or 
more electrodes and the electrode 
concerned to a dielectric layer of 
predetermined thickness, A differential 
output detecting element which carries 
out the differential amplifier of the 
output voltage therefore detected by the 
above-mentioned electrode of ****** 2nd 
to the 1st above-mentioned electrode and 
1st electrode concerned, and outputs it to 
them, Have a voltage feed zone which 
impresses voltage to the above-mentioned 
electrode, and, therefore, a capacitor is 
formed in a specimen in contact with a 
front face of the above-mentioned 
electrode and the above-mentioned 
sensor polar zone. A fingerprint reader 
characterized by accumulating a charge 
in the capacitor concerned, carrying out 
the differential amplifier of the 
above-mentioned output voltage 
according to the above-mentioned charge, 
and therefore detecting it from the 1st 
and 2nd electrodes of the above to the 
above-mentioned detecting element. 
[Claim 2] Sensor polar zone formed by 
therefore covering a front face of two or 
more electrodes and the electrode 
concerned to a dielectric layer of 
predetermined thickness, A voltage feed 
zone which impresses voltage to the 
above-mentioned electrode, and a 



distribution capacitor with known 
capacity for charge distribution, the 
above-mentioned electrode - and - or 
with a voltage supply circuit changing 
switch which switches ON or OFF of 
voltage impressed to the 
above-mentioned distribution capacitor It 
has a discharge circuit changing switch 
which makes switch connection of the 
above-mentioned electrode or the 
above-mentioned distribution capacitor 
in a gland, and discharges a charge. 
Therefore, a capacitor is formed in a 
specimen in contact with a front face of 
the above-mentioned electrode and the 
above-mentioned sensor polar zone. Or 
voltage is impressed to the 
above-mentioned capacitor. the 
above-mentioned voltage feed zone - 
therefore -- the above-mentioned 
distribution capacitor -■ and -- The 
above-mentioned charge left behind by 
therefore discharging a charge in which it 
was made to store in either the 
above-mentioned capacitor or the 
above-mentioned distribution capacitor to 
change control of the above-mentioned 
discharge circuit changing switch is 
distributed to the above-mentioned 
capacitor. A fingerprint reader 
characterized by detecting output voltage 
of the above-mentioned capacitor by the 
distributed above-mentioned charge. 
[Claim 3] A distribution capacitor for 
charge distribution by which the 
above-mentioned differential voltage 
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detecting element is prepared according 
to the 1st and 2nd electrodes of the above, 
respectively, A voltage supply circuit 
changing switch which switches ON or 
OFF of voltage impressed to the 
above -mentioned distribution capacitor 
and the 1st and 2nd electrodes of the 
above, It has a discharge circuit changing 
switch which discharges a charge stored 
by making switch connection of the 
above-mentioned distribution capacitor 
or the 1st and 2nd electrodes of the above 
in a gland. Therefore, a capacitor is 
formed in a specimen in contact with the 
above-mentioned electrode and the 
above-mentioned sensor electrode surface. 
Or voltage is impressed to the 
above-mentioned capacitor. the 
above-mentioned voltage feed zone *- 
therefore - the above-mentioned 
distribution capacitor - and •- The 
above-mentioned charge left behind by 
therefore discharging a charge in which it 
was made to store in either the 
above-mentioned capacitor or the 
above-mentioned distribution capacitor to 
change control of the above-mentioned 
discharge circuit changing switch is 
distributed to the above-mentioned 
capacitor, A fingerprint reader according 
to claim 1 characterized by detecting 
output voltage of the above-mentioned 
capacitor by the distributed 
above-mentioned charge. 
[Claim 4] A fingerprint reader according 
to claim 1 characterized by arranging two 



or more above-mentioned electrodes in 
the shape of a line, forming the 
above-mentioned sensor polar zone, 
choosing the 1st and 2nd electrodes of the 
****** above as the above-mentioned 
voltage detecting element one by one 
from two or more above-mentioned 
electrodes therefore, and detecting the 
above-mentioned output voltage for one 
line continuously. 

[Claim 5] The above-mentioned detecting 
element is a fingerprint reader according 
to claim 4 characterized by having a 
differential amplifying circuit 

corresponded and prepared for every line 
group concerned, and an input circuit 
changing switch which switches the 
above-mentioned line group selectively 
and is connected to a plus input or a 
negative input of the above-mentioned 
differential amplifying circuit when a line 
of the above-mentioned electrode 
arranged in the shape of a line is made 
into a line group for every predetermined 
number. 

[Claim 6] A capacitor formation step 
which therefore forms a capacitor in a 
specimen contacted on a front face of 
sensor polar zone formed by therefore 
covering a front face of two or more 
arranged electrodes and the electrode 
concerned to a dielectric layer of 
predetermined thickness, A voltage 
impression step which impresses voltage 
to the above-mentioned electrode, and a 
differential output detection step which 
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carries out the differential amplifier of 
the output voltage therefore detected by 
the above-mentioned electrode of ****** 
2nd to the 1st above-mentioned electrode 
and Ist electrode concerned, and outputs 
it to them, Therefore, the 
above-mentioned capacitor is formed in a 
specimen in contact with a front face of 
****** ^j^g above-mentioned electrode, 
and the above-mentioned sensor polar 
zone, the above-mentioned distribution 
capacitor and -- or a fingerprint read 
method characterized by charging the 
above-mentioned capacitor, carrying out 
the differential amplifier of the 
above-mentioned output voltage of the 
1st and 2nd electrodes of the above 
according to the above-mentioned charge, 
and therefore detecting it to the 
above-mentioned detecting element. 
[Claim 7] A fingerprint read method 
characterized by providing the following 
A capacitor formation step which 
therefore forms a capacitor in a specimen 
contacted on a front face of sensor polar 
zone formed by therefore covering a front 
face of two or more arranged electrodes 
and the electrode concerned to a dielectric 
layer of predetermined thickness A 
voltage impression step which impresses 
voltage to a distribution capacitor and the 
above-mentioned capacitor for charge 
distribution A floating step which makes 
floating the above-mentioned distribution 
capacitor and the above -mentioned 
capacitor They are the charge 



distribution step distribute the charge 
stored in the above-mentioned 
distribution capacitor to the 
above-mentioned capacitor when the 
above-mentioned capacitor discharged, 
the discharge step which discharges the 
charge stored in the above-mentioned 
distribution capacitor or the 
above-mentioned capacitor, and, and 
distribute the charge stored in the 
above-mentioned capacitor when the 
above-mentioned distribution capacitor 
discharges to an above mentioned 
distribution capacitor, and the 
output-voltage detection step therefore 
detect the voltage by the distribution 
charge distributed to the 
above-mentioned capacitor to an 
above-mentioned sensor electrode. 
[Claim 8] A fingerprint read method 
according to claim 6 characterized by 
providing the following A voltage 
impression step which impresses voltage 
to a distribution capacitor and the 
above-mentioned capacitor for charge 
distribution A floating step which makes 
floating the above-mentioned distribution 
capacitor and the above-mentioned 
capacitor A discharge step which 
discharges a charge stored in the 
above-mentioned distribution capacitor 
or the above-mentioned capacitor They 
are the charge distribution step which 
distributes a charge stored in the 
above-mentioned distribution capacitor to 
the above-mentioned capacitor when the 
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above-mentioned capacitor is discharged, 
and distributes the charge stored in the 
above-mentioned capacitor when the 
above-mentioned distribution capacitor 
was discharged to the above-mentioned 
distribution capacitor, and the 
output-voltage detection step therefore 
detect the voltage by distribution charge 
distributed to the above-mentioned 
capacitor to the above-mentioned sensor 
electrode. 

[Claim 9] The above-mentioned 
differential output detection step is the 
fingerprint read method according to 
claim 6 characterized by choosing the 1st 
and 2nd electrodes of the ****** above 
one by one from the above-mentioned 
sensor polar zone which arranged two or 
more above-mentioned electrodes in the 
shape of a line, and detecting a 
differential output of the 
above-mentioned output voltage for one 
line continuously. 

[Claim 10] The above-mentioned 
differential output detection step is the 
fingerprint read method according to 
claim 9 characterized by switching the 
line group concerned for a line of the 
above-mentioned electrode arranged in 
the shape of a line selectively as a line 
group for every predetermined number, 
and detecting a differential output. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This invention is 
explained in order of the following. 
[0002] The technical field Prior art to 
which invention belongs ( drawing 12 and 
drawing 13 ) 

The gestalt of gestalt (l) the 1st operation 
of implementation of technical-problem 
The means for solving a technical 
problem invention which invention tends 
to solve ( drawing 1 - drawing 8 ) 

(2) The configuration of a line read circuit 
( drawing 2 - drawing 8 ) 

(3) Actuation of the gestalt of operation, 
and the gestalt of effect (4) the 2nd 
operation ( drawing 9 ) 

(5) The gestalt of the 3rd operation 
( drawing 10 and drawing 11 ) 

(6) Gestalt effect of the invention [0003] 
of other operations 

[The technical field to which invention 
belongs] Especially this invention is 
applied to the fingerprint reader which 
therefore reads the shape of toothing of a 
fingerprint, and its method, and is 
suitable for the electrostatic capacity 
produced between a fingertip fi-ont face 
and an electrode about a fingerprint 
reader and its method. 
[0004] 

[Description of the Prior Art! The 
fingerprint reader (JP,4-231803,A) of the 
electrostatic-capacity mold which detects 
a fingerprint configuration using the 
electrostatic capacity produced between 
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the fingerprints contacted through the 
dielectric layer prepared on the electrode 
and the electrode concerned as a 
fingerprint reader which detects a 
fingerprint differing conventionally 
according to the irregularity of a 
fingerprint etc. is proposed. 
[0005] As shown in drawing 12 , the 
fingerprint reader 1 of an 
electrostatic-capacity mold forms the 
sensor electrode group 3 according to the 
area of the fingerprint detection on the 
front face F of a fingertip on the silicon 
semiconductor substrate 2, and, therefore, 
it is formed in therefore coating the 
dielectric layers 4, such as polyimide, 
with the front face of the electrode group 
further. 

[0006] The fingerprint reader 1 makes a 
dielectric layer 4 a sensor side, and, 
therefore, a capacitor is made to form 
through a dielectric pressing the fingertip 
front face F and contacting it on this 
sensor side, between a conductor, and the 
intermediary **** fingertip front face F 
and the sensor electrode 3 by sweat etc. 
[0007] in this case - drawing 13 - being 
shown -■ as - a fingerprint -- toothing 
** receiving -- a dielectric layer four 
direct contactmg a ridge a sensor 
an electrode -- three between -■ forming 

having - a capacitor Cs -- 
electrostatic capacity a fingerprint - a 
slot ■- setting -- an air space - having 
minded -- a dielectric layer - four 
therefore forming - having - a 



capacitor Cs - * electrostatic capacity 

differing . It is made as [ identify / 
therefore / to detect the difference of the 
electrostatic capacity according to the 
irregidarity of a fingerprint using this / 
the shape of toothing of a fingerprint ]. 
[0008] 

[Problem(s) to be Solved by the 
Invention] By the way, in this fingerprint 
reader 1, if area of sensor electrode each 
is made small in order to raise the 
resolution of a sensor and to obtain a 
minute fingerprint image, it can come, 
and will be alike, therefore a capacitor 
will also become small. Consequently, the 
signal detected fi-om a sensor becomes 
minute, therefore the effect of a noise is 
suppressed for such a minute signal, a 
signal-to-noise ratio is made high and the 
problem that circuitry must be made 
intricately and large is to detect with a 
sufficient precision. 
[0009] This invention was made in 
consideration of the above point, and 
tends to propose the fingerprint reader 
which can therefore read the shape of 
toothing of a fingerprint in a high 
precision to simple circuitry, and its 
method. 
[0010] 

[Means for Solving the Problem] In order 
to solve this technical problem, it sets to 
this invention. Sensor polar zone formed 
by therefore covering a firont face of two 
or more electrodes and the electrode 
concerned to a dielectric layer of 
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predetermined thickness, A differential 
output detecting element which carries 
out the differential amplifier of the 
output voltage therefore detected by the 
2nd electrode of ****** to the 1st 
electrode and 1st electrode concerned, 
and outputs it to them, It has a voltage 
feed zone which impresses voltage to an 
electrode, therefore a capacitor is formed 
in a specimen in contact with a front face 
of an electrode and sensor polar zone, and 
voltage by charge accumulated in the 
capacitor concerned is detected as a 
differential amplifier output from the 1st 
and 2nd electrodes in a detecting element. 
This removes an inphase component of a 
noise and signal detection with a high 
signal-to-noise ratio can be performed. 
[0011] 

[Embodiment of the Invention] About a 
drawing, the gestalt of 1 operation of this 
invention is explained in full detail below. 
[0012] (l) Therefore, form the sensor side 
12 in 10 carrying out the laminating of 
the dielectric layer which shows a 
fingerprint reader as a whole, carries out 
two-dimensional array of two or more 
sensor electrodes 3 (3Al-3An) formed on 
the semiconductor substrate to the shape 
of a matrix, and becomes the front face of 
the sensor electrode 3 with the thin film 
of uniform thickness in drawing 1 which 
attaches and shows the same sign to a 
corresponding portion with gestalt 
drawing 12 </A> of the 1st operation. 
[0013] In this case, in the fingerprint 



reader 10, in order to read the shape of 
toothing of a fingerprint two-dimensional 
on the sensor side 12, therefore, a 
fingerprint is read per line to sensor 
electrode 3Al-3An first arranged in the 
shape of a line in each train direction of a 
matrix. When the fingerprint reader 10 
performs fingerprint read of one line in 
that case the line actuation circuit 13 ■■ 
therefore FET (Field Effect Transistor) 
etc. - the switching element 14 formed 
among two or more sensor electrode 
3Al-3An(s) therefore carrying out switch 
control In a line top sensor electrode 3An 
and 3 A (n+l) of a ****** couple one by 
one It is made as [ acquire / the 
information for every line about the 
shape of toothing of a fingerprint ] by 
sending out the information on the 
output voltage which makes change 
selection and is detected from sensor 
electrode 3 An and 3 A (n+l) of the couple 
concerned to a detecting element 15. 
[0014] (2) The configviration fingerprint 
reader 10 of a line read circuit has formed 
all the line read circuits 20, in order to 
read the shape of toothing of a fingerprint 
two-dimensional therefore on two or more 
lines in the sensor side 12, as shown in 
drawing 2 . In explaining all these line 
read circmts 20, the fine read circuit 22 
shown in drawing 3 which detects the 
output for one line on the sensor side 12 
first is explained. 

[0015] That is, as shown in drawing 3 , 
the line read circmt 22 which detects the 
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output for one line has the data lines 23 
and 24, and is made as [ connect / with 
the plus input 28 and the negative input 
29 of the differential amplifying circuit 27 
in which the data lines 23 and 24 
concerned were formed in the detecting 
element 15 through the input 
change-over switches 25 and 26, 
respectively ]. Therefore, differential 
signal SO of the signal therefore inputted 
into a plus input 28 and the negative 
input 29 through each data lines 23 and 
24 in a differential amplifyuig circuit 27 
It can obtain from an output terminal 30. 
[0016] Therefore, the line read circuit 22 
connects alternately to the data lines 23 
and 24 sensor electrode 3Al-3An 
arranged on a line in the sensor side 12 
by No. odd and No. even. That is, parallel 
connection of the capacitor CU for charge 
distribution which has known capacity in 
one [ which makes a pair ] two data lines 
23, the sensor electrode three Al of the 
odd number location on a line, 3 
A3, ....3A2 (n-l) is carried out (n is the 
natural number here). Moreover, the line 
read circmt 22 is carrying out parallel 
connection of the capacitor C12 for charge 
distribution which similarly has known 
capacity in another [ which makes a pair ] 
data line 24, the sensor electrode three 
A2 of the even number location on a line, 
3 A4, and the ....3A (2n). 
[0017] Incidentally, in case the capacitors 
CU and C12 for charge distribution 
therefore form sensor electrode 3Al-3An 



of the line read circuit 22 in a 
semiconductor manufacture process, 
therefore, they can be formed in the 
parasitic capacitance produced for every 
data line. The data lines 23 and 24 all 
have parasitic capacitance, and in a 
semiconductor process, since it is easy, if 
the parasitic capacitance of every line is 
in the same chip, they can make it almost 
equal to make the thing of the same 
property relatively. Since the time and 
effort which newly builds the capacitor of 
known capacity by this can be saved, the 
line read circuit 22 can be formed easily, 
[0018] Moreover, the data lines 23 and 24 
are connected to a gland through 
switches SWGl and SWG2 while 
connecting with a power supply Vcc 
through switches SWPl and SWP2, 
respectively. 

[0019] The line read circuit 22 chooses 
the pair of ****** predetermined sensor 
electrode 3 An and 3 A (n+l) by the 
switching change of the line actuation 
circuit 13 at the time of voltage read out. 
Consequently, the line read circuit 22 
constitutes a difference input circuit as 
therefore shown in a differential 
amplifying circuit 27, sensor electrode 
3 An, and 3 A (n+l) at drawing 4 (A) at the 
time of voltage read-out. 
[0020] The line read circuit 22 At namely, 
the time of voltage read-out Sensor 
electrode 3 An and 3 A (n+l) are connected 
to the data lines 23 and 24. ****** sensor 
electrode 3An out of sensor electrode 
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3Al-3An arranged on each line of the 
sensor side 12, and 3A (n+l) choosing - 
Switches SWSn and SWS (n+l) - 
therefore - each It inputs into the plus 
input 28 and the negative input 29 of a 
differential amplifying circuit 27 of the 
line read circuit 22, and is made as 
[ obtain / this / the differential signal 
output by sensor electrode 3An and 3A 
(n+l)]. 

[0021] It explains using the equal circuit 
40 of the line read circuit 22 which shows 
actuation of the line read circuit 22 
shown in drawing 4 (A) here to drawing 4 
OB). 

[0022] As an equal circuit 40 is shown, 
while connecting a plus input 28 to a 
power supply Vcc through the data line 
23 and a switch SWPl in the plus input 
side of a differential amplifying circuit 27 
When the fingertip front face F is pressed 
against the data line 23 connected to the 
plus input 28 of a differential amplifying 
circuit 27 on the odd-numbered sensor 
electrode three A2 (n- 1) on a line, and the 
sensor electrode three A2 (n- 1) concerned 
Parallel connection of the distribution 
capacitor CU which distributes the 
charge stored in the formation capacitor 
Cs 1 concerned by the formation capacitor 
Csl list formed is carried out. further 
an equal circuit 40 the formation 
capacitor Cs 1 is made as [ make / 
therefore / make the data line 23, 
connection, or connectionless at a change, 
and / Cs / on a switch SWG 1 / at a switch 



SWS 1 / at a gland / switch connection of 
the data line 23]. 

[0023] Similarly, by the negative input 
side of an equal circuit 40, while 
connecting the negative input 29 of a 
differential amplifying circuit 27 to a 
power supply Vcc through the data line 
24 and a switch SWP2 the data line 24 
connected to the plus input 28 of a 
differential amplifying circuit 27 ■ the 
odd-numbered sensor electrode three A2 
(n-l) on a line receiving - ****** like 
Parallel connection of the distribution 
capacitor C12 which distributes the 
charge stored in the formation capacitor 
Cs 2 concerned by the formation capacitor 
Cs2 list therefore formed in the 
even -numbered sensor electrode 3 A (2n) 
list on the Une arranged on the three A2n 
of the sensor electrodes concerned and 
the fingertip front face F is carried out. 
As an equal circuit 40 is furthermore 
shown, the formation capacitor Cs 2 is 
made as [ make / therefore / in a gland / 
at a switch SWG 2 / switch connection of 
the data line 23 ] while switching to a 
switch SWS 2 therefore connection or 
connectionless at the data line 24. 
[0024] Differential signal SO by the 
distribution voltage Vb when therefore 
distributing formation capacitor Cs2 
charge to the timing chart shown in the 
flow chart shown in drawing 5 here, and 
cbrawing 6 in the hne read circuit 22 from 
the distribution voltage Va and the 
distribution capacitor C12 when 
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distributing a charge from the 
distribution capacitor CU at the 
formation capacitor Cs 1 The procedure of 
reading an output is explained. 
[0025] Namely, if the potential read out 
procedure RT 1 therefore makes the 
formation capacitors Csl and Cs2 form in 
placing the fingertip front face F on the 
sensor side 12 in a step SP 1 Next, 
therefore, the formation capacitor Cs 1 
and Cs2 list are charged for the 
distribution capacitors CU and C12 on the 
voltage therefore impressed to a power 
supply Vcc turning ON ( drawing 6 (a)) 
SWSl and SWS2 in a step SP 2 at a 
switch SWPl and SWP2 Ust. 
Consequently the distribution capacitors 
Cll and C12 are attained to CU at each 
electrostatic capacity Cs 1 and Cs2 list, 
and it responds to the formation capacitor 
Cs 1 and Cs2 list C12, and is a degree type 
and [0026], respectively. 
[Equation l] 

CslVcc=Qsl 



[0027] 

[Equation 2] 
CllVcc=QU 

[0028] 

[Equation 3] 

Cs2Vcc=Qa2 



[0029] 

[Equation 4] 

Cl2Vcc-= Q12 



[0030] It comes out and QU and Q12 are 
stored in the charge Qs2 and Qs2 list 
which are expressed, respectively. 
[0031] Next, therefore, the distribution 
capacitors Cll and C12 are set as turning 
OFF ( drawing 6 (b)) SWSl and SWS2 in 
a step SP 3 after charge of the 
distribution capacitors Cll and C12 in a 
switch SWPl and SWP2 Ust at the 
formation capacitor Cs 1 and Cs2 list at 
floating at the formation capacitor Cs 1 
and Cs2 list, respectively. 
[0032] Next, only the charges QU and Q12 
stored in the distribution capacitors Cll 
and Ci2 are discharged by turning ON 
( drawing 6 (c)) switches SWGl and 
SWG2 in a step SP 4. And it is a degree 
type [0033] by turning ON ( drawing 6 
(e)) switches SWSl and SWS2 in the 
continuing step SP 6, after turnrng OFF 
( drawing 6 (d)) switches SWGl and 
SWG2 in^a-stfef SP 5 and setting the 
potential of an output terminal 30 as 0 
[VI. 

[Equation 5] 

Qsl= (C3H-CII) Va 
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[0034] 

[Equation 6] 

(Csl+CU) Va -CslVcc 

[0035] 

[Equation 7] 

CslVcc 

Va = 

Csl+CU 

[0036] 

[Equation 8] 

1 

Va . Vcc 

CU 

1 + 

Csl 

[0037] The voltage Va by the charge Qsl 
redistributed to the formation capacitor 
Cs 1 and the distribution capacitor CU by 
the side of the plus input by which is 
alike and a table is therefore carried out 
is read in a points. 

[0038] Furthermore, it is a degree type 
and [0039]. 
[Equation 9] 

Q52= (Cs2+Cl2) Vb 



[0040] 

[Equation 10] 

(Cs2-hCl2) Vh =Cs2 



[0041] 

[Equation-i]fl6 ) 

Cs2Vcc 

Vb - 

Ca2+Cl2 

[0042] 

( 7 ) 

[Equation 121 

1 

Vb = • Vcc 

C12 

1 + 

Cs2 

* ( 8 ) 

[0043] The voltage Vb by the charge Qs2 
redistributed to the formation capacitor 
Cs 2 and the distribution capacitor C12 of 
the negative input side by which is alike 
and a table is therefore carried out is 
read in b points. Therefore, output 
voltage Va and Vb can be asked for the 
electrostatic capacity Csl and Cs2 of the 
formation capacitors Csl and Cs2 from a 
formula (8) and a formula (12), 
respectively. 

[0044] Next, in a step SP 7, the 
differential amplifier output of the output 
voltage Va and Vb of a points and b points 
is read from an output terminal 30. This 
ends the output voltage read procedure 
RT 1. 

[0046] Thus, differential output SO can 
obtain the differential amplifier output of 
■^e^imtput voltage by the distribution 
voltage of the formation capacitors Csl 
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and Cs2 detected on the line of the sensor 
side 12 hy ****** sensor electrode 3An 
and 3A (n+l), and corresponding to the 
electrostatic capacity of the formation 
capacitors Csl and Cs2 in this way It can 
obtain. 

[0046] Next, therefore, it explains to the 
timing chart which shows control of 
reading of the sensor side 12 by the line 
read circuit 22 for one line to drawing 7 . 
[0047] In this case, in the line read circuit 
22, it is made as [ carry / therefore / to 
detecting the output by the differential 
amplifier of ****** sensor electrode 3An 
and 3A (n+l) / information read for one 
hne ], and the output by the differential 
amplifier is first detected one by one 
about the ****** sensor electrode three 
Al and two A2. 

[0048] That is, while turning ON 
switches SWPl and SWP2 so that the 
data lines 23 and 24 may be connected to 
a power supply Vcc to the following 
timing (a) if the fingertip front face F 
used as a specimen is placed on the 
sensor side 12 of the fingerprint reader 1, 
all the switches SWS 1 that connect 
sensor electrode 3Al-3An to the data 
lines 23 and 24 - SWSn(s) are turned ON, 
and, therefore, sensor electrode 3Al-3An 
is charged at a power supply Vcc. 
[0049] Next, by turning OFF a switch 
SWS 1 - SWSn to timing (b) at a switch 
SWPl and SWP2 list, sensor electrode 
3Al-3An is set as floating. Next, by 
turning ON switches SWGl and SWG2 to 



timing (c), grand touch-down of the data 
lines 23 and 24 is carried out, and this 
discharges the distribution capacitors 
CIA and GIB. 

[0050] Next, while turning OFF switches 
SWGl and SWG2 and turning on 
switches SWSl and SWS2 to timing (d) 
again, it sets up, respectively so that the 
data line 23 may connect the input circuit 
changing switches 25 and 26 of a 
differential amplifying circuit 27 to a plus 
input 28, respectively, and so that the 
data line 24 may connect with the 
negative input 29. Consequently, signal 
output So which carried out the 
differential amplifier of the adjacent 
sensor electrode three Al and the output 
potential by three A2 It can take out from 
the output terminal 30 of a differential 
amplifying circuit 27. 
[0051] Next, the output by the 
differential amplifier of the voltage is 
detected about the sensor electrode three 
A2 and 3 A3. Namely, the sensor 
electrode three Al and the difference 
partial output SO of three A2 After 
detecting, while turning OFF a switch 
SWS 1 to timing (e) and separating the 
sensor electrode three Al from the data 
line 23, both the input circuit changing 
switches 25 and 26 of a differential 
amplifying circuit 27 are made into an 
OFF state. Next, by setting the switch 
SWG 1 of the data line 23 to ON to timing 
(t), the data line 23 is once made into 
groimd potential, and the distribution 
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capacitor Cll is discharged. 
[0052] Next, while making switch 
connection so that a switch 26 may be 
connected to a plus input 28 so that the 
input circuit changing switch 25 of a 
differential amplifying circuit 27 may be 
connected to the negative input 29 to the 
following timing (g) and after turning 
OFF a switch SWG 1 again, the switch 
S WS 3 linked to sensor electrode 3 A3 is 
turned ON, and sensor electrode 3 A3 is 
connected to the data line 23. The output 
voltage in the sensor electrode three A2 is 
inputted into the plus input 28 of a 
differential amplifying circuit 27 by this, 
the output voltage in sensor electrode 3 
A3 is inputted into the negative input 29, 
and the differential amplifier output in 
the sensor electrode three A2 and 3 A3 
can be obtained in this way. 
[0053] In order to detect the differential 
amplifier output of sensor electrode 3 A3 
and 3 A4 on a line like the following, a 
switch SWS 2 is turned OFF to the 
following timing (h), and the sensor 
electrode three A2 is separated from the 
data line 24. And after discharging the 
distribution capacitor C12 therefore 
turning ON a switch SWG 2 to the 
following timiQg (j), and making the data 
line 24 into ground potential, a switch 
SWG 2 is turned OFF again. The capacity 
component which connects with the data 
line 24 by this is removed. And while 
turning ON a switch SWS 4 to the 
following timing (k) and connecting 



sensor electrode 3 A4 ix) the data line 24, 
switch connection is made so that the 
input circuit changing switch 25 of a 
differential amplifying circuit 27 may be 
connected to a plus input 28, and so that 
a switch 26 may be connected to the 
negative input 29. The differential 
amplifier output by the differential pair 
of sensor electrode 3 A3 prepared on the 
line of the line read circuit 22 by this and 
3 A4 is detectable. 

[0054] Thus, on a line, the differential 
pair of a ****** sensor electrode can be 
switched one by one, and can be chosen 
from sensor electrode 3Al-3An put in 
order and arranged by the numerical 
order, and the differential amplifier 
output by the distribution voltage 
therefore produced at the formation 
capacitor Cs between ****** each sensor 
electrode three Al - 3An to have made it 
connect with the plus input 28 and the 
negative input 29 of a differential 
amplifying circuit 27, respectively can be 
obtained. 

[0055] Moreover, the inside of sensor 
electrode 3 An which forms a differential 
pair in case a ****** sensor electrode 
makes differential pair selection, and 3 A 
(n+l), the difference which made ** 
polarity the same and therefore followed 
having always connected the sensor 
electrode 3An with a young number to 
the plus input 28 of a differential 
amplifjring circuit 27 between ****** 
each sensor electrode 3A-3A (n+l) as 
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shown in drawing 8 (A) an output can 
be obtained. 

[0056] further difference - gray- scale 
data as shown in drawing 8 (B) by 
integrating with an output -■ or binary 
data as therefore shows gray-scale data 
further to making it binary at drawing 8 
(C) can also be obtained. 
[0057] (3) in actuation of the gestalt of 
operation, and the configuration beyond 
an effect, if a ** person presses a fingertip 
and contacts it on the sensor side 12 in 
the fingerprint reader 10 when 
performing read of a fingerprint, change 
which is the electrostatic capacity 
between the sensor electrodes 3 by the 
fingertip front face F pressed by all the 
line read circuits 20 on the sensor side 12 
will be detected for every line. Switch 
selection of sensor electrode 3An and 3A 
(n-Hl) of a ****** couple is made one by 
one from sensor electrode 3Al-3An 
therefore arranged in a predetermined 
line in the fingerprint reader 10 here in 
the line actuation circuit 13. And a 
charge is made to be stored by impressing 
voltage to the formation capacitors Csl 
and Cs2 therefore formed in selected 
sensor electrode 3An and 3 A (n+l) of a 
****** couple, and the fingertip front face 
F concerned from a power supply Vcc. 
[0058] The differential amplifier output 
of the voltage which distributes the 
charge stored in these formation 
capacitors Csl and Cs2 to the 
distribution capacitors CU and C12, 



respectively and is outputted at this time 
is read in a detecting element 15 through 
the line read circuit 22. performing [ A / of 
a ****** couple / sensor electrode 3An 
and 3 A (n+l) ] this about one line one by 
one in one hne - the difference for one 
line - distribution of an output can be 
acquired. 

[0059] By carrying out repeat activation 
of the still more nearly same read 
actuation to all the remaining lines, 
two-dimensional distribution of a 
difference partial output can be acquired 
from the sensor side 12, and, thereby, the 
information on the fingerprint 
configuration by two-dimensional 
distribution of a difference partial output 
can be acquired in the sensor side 12 top. 
[0060] Under the present circumstances, 
switch connection of the data hne 
therefore inputted into the input circuit 
changing switches 25 and 26 at the plus 
input 28 and the negative input 29 of a 
differential amplifying circuit 27 is made. 
When it was made for sensor electrode 3A 
(n+l) of ******** to always become the 
negative input 29 to sensor electrode 3An 
one by one the difference which has 
change which continued as output change 
of the following sensor electrode 3A (n+l) 
always became a negative side on the 
basis of sensor electrode 3An among 
****** sensor electrode 3An and 3A (n+l) 
-- an output can be read. 
[0061] Thus, between the sensor 
electrodes 3 and the fingertip front faces 
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F which are arranged in the shape of a 
matrix on the sensor side 12 By having 
read the voltage according to the charge 
accumulated in the capacitor Cs to 
produce as a differential amplifier output 
of ****** sensor electrode 3An by which 
sequential selection was made in each 
line, and 3A (n+l) The effect of the noise 
at the time of therefore detecting 
dispersion and the minute signal of 
output voltage by a temperature change, 
line voltage variation, etc. between 
sensor electrode 3 An and 3 A (n+l) to a 
differential amplifier etc. can be removed 
as an inphase component, and output 
voltage can be detected in a high 
precision in this way. 
[0062] By according to the above 
configuration, carrying out the 
differential amplifier of the output 
voltage fi-om ****** sensor electrode 3An 
by which sequential selection was made 
in each line in the voltage according to 
the charge accumulated in the formation 
capacitor Cs produced between the 
fingertip front faces F placed on the 
sensor side 12, and 3 A (n+l), and having 
read it each - also when area of sensor 
electrode 3Al-3An tends to be made 
minute and it is going to detect a 
fingerprint configuration in high 
resolution, the inphase component of a 
noise or dispersion can be removed firom 
the output voltage firom sensor electrode 
3Al-3An, and output voltage can be 
detected in a high precision in this way. 



[0063] Moreover, the circuitry for 
detecting electrostatic capacity can be 
made simple by having distributed the 
charge stored in the formation capacitor 
Cs produced between sensor electrode 
3An and the fingertip front face F by 
voltage impression to the ****** 
capacitor CI with known capacity, and 
having considered as a configuration 
which therefore asks detecting the 
distribution voltage of the formation 
capacitor Cs at that time, and the 
distribution capacitor CI for the 
electrostatic capacity of the formation 
capacitor Cs. 

[0064] When choosing ****** sensor 
electrode 3An and 3A (n+l) of each line 
from sensor electrode 3Al-3An 
furthermore arranged in the shape of a 
line and detecting a differential amplifier 
output When it was made for 3n of sensor 
electrodes of a young number to always 
connect with the plus input 28 (or either 
of the negative inputs 29) of a differential 
amplifying circuit 27 among sensor 
electrode 3Al-3An(s) arranged in on a 
line by the numerical order The 
difference partial output which continued 
between each sensor electrode three Al - 
3An can be obtained. 
[0065] (4) In drawing 9 which attaches 
and shows the same sign in a 
corresponding point with gestalt drawing 
2 of the 2nd operation All the 2nd line 
read circuits 50 are shown. All the 1st 
line read circuits 20 about all lines 
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Therefore, the voltage according to the 
charge accumulated in the capacitor Cs 
produced between the sensor electrode 3 
and the fingertip front face F to one 
differential amplifying circuit 27 one by 
one It is made as [ make / to having made 
it read / for every three data lines / switch 
connection of the one differential 
amplifying circuit 27 (27A, 27C, ....)]. 
[0066] Therefore, for example in the 1st 
read timing, the data lines Ll and L2 are 
connected to switching the input circuit 
changing switches 51 A and 52A to 
differential amplifying circuit 27A, and, 
therefore, the output voltage of a line 
LNl is read by read actuation of the line 
read circuit 22 to differential amplifying 
circuit 27A. 

[0067] At this time, therefore differential 
amplifying circuit 27B connects the data 
lines L3 and L4 to switching the input 
circuit changing switches 51A and 52A, 
and, thereby, reads the output voltage of 
a line LN3 by read actuation of the line 
read circuit 22 synchronizing with 
reading of the output voltage of the line 
LNl by differential amplifying circuit 
27A. The data line L5 and L6, and , . are 
connected to differential amplifying 
circuit 27C and respectively hke the 
following, and the output voltage of LNl, 
LN3, and of the lines LNl and LN2 
which form the sensor side 12 in the 1st 
read timing by this, and odd lines 
of .,LNn is read, 

[0068] After reading of output voltage is 



completed, therefore in the 2nd following 
timing, the data lines L2 and L3 are 
connected to the thing of LNl, 3LN, 
and ....for which the input circuit 
changing switches 51A and 52A are 
shortly switched to differential 
ampUfying circuit 27A, and, therefore, 
the output voltage of a line LN2 of odd 
lines is read by read actuation of the line 
read circuit 22 to differential amplifying 
circuit 27A. 

[0069] At this time, therefore differential 
amplifying circuit 27B connects the data 
lines L4 and L5 to switching the input 
circuit changing switches 51A and 52A, 
and, thereby, reads the output voltage of 
a line LN4 synchronizing with reading of 
the output voltage of the hne LN2 by 
differential amplifying circuit 27A. 
Data-line L6 and L7, and .. are connected 
to differential amplifying circuit 27C 
and respectively like the following, 
and the output voltage of LN2, LN4, and .. 
of the lines LNl and LN2 which form the 
sensor side 12 in the 2nd read timing by 
this, and even lines of ..LNn is read. 
[0070] The output voltage of LNl, LN3, 
and of the lines LNl and LN2 which 
therefore form the sensor side 12 in the 
1st read timing by this, and odd lines 
of ....LNn can be read, and, therefore, the 
output voltage of LN2, LN4, and .. can 
read lines LNl and LN2 and even lines 
of ..LNn to the 2nd following read timing. 
[0071] The information on the output 
voltage of all the lines that therefore form 
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the two-dimensional matrix-like sensor 
side 12 in the read time for two lines by 
the 1st and 2nd read timing in this way 
can be read. 

[0072] Therefore, according to the above 
configuration, therefore, the information 
on the output voltage of all the lines of 
the sensor side 12 can be read in having 
constituted all the Une read circuits 50 at 
the read time for two lines so that switch 
connection of the one differential 
amplifying circuit 27 (27A, 27C, ....) may 
be made for every three data lines, and 
the time amount which fingerprint 
reading takes in this way can be 
shortened substantially. 
[0073] (5) In drawing 10 which attaches 
and shows the same sign to a 
corresponding point with gestalt drawing 
4 (B) of the 3rd operation, 60 shows the 
line read circuit way by the 2nd example, 
and no switches SWSl and SWS2 which 
connect the formation capacitors Csl and 
Cs2 to the data lines 23 and 34, 
respectively connect the distribution 
capacitors Cll and C12 to the data lines 
23 and 24 through switches SWLl and 
SWL2, respectively instead of there being. 
[0074] The voltage read procedure of 
reading the distribution voltage when 
distributing the ************ charge Qs2 
to the charge Qsl and the formation 
capacitor Cs 2 which are therefore stored 
in the formation capacitor Cs 1 in the 
output terminal 30 of the line read circviit 
60 by the flow chart shown in drawing 11 



here is explained. 

[0075] That is, therefore, the distribution 
capacitors Cll and C12 are charged on the 
voltage therefore impressed at a power 
supply Vcc that the voltage read-out 
procedure RT 2 turns ON SWLl and 
SWL2 in a step SP 11 at a switch SWPl 
and SWP2 list. Consequently, the 
distribution capacitors Cll and C12 are 
attained to electrostatic-capacity Cll, and 
it responds to them C12, and is a degree 
tjrpe and [0076], respectively. 
[Equation 13] 

C llVcc=QllO 



[0077] 

[Equation 14] 
Cl2Vcc=Q120 

[0078] It comes out and the charges QUO 
and Q120 expressed are stored, 
respectively 

[0079] Therefore, Cll and C12 are set as 
turning OFF SWLl and SWL2 in a step 
SP 12 at a switch SWPl and SWP2 list 
after charge of the distribution capacitors 
Cll and C12 at floating at a capacitor Cs 1 
and Cs2 list, respectively. 
[0080] Next, when the formation 
capacitors Csl and Cs2 are therefore 
made to form in placing the fingertip 
front face F on the sensor side 12 in a 
step SP 13, in the formation capacitors 
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Csl and Cs2 concerned, it is a degree type 
and [0081]. 
[Equation 15] 
CalVcc^QalO 



[Equation 19] 
CsiVcc 

Va2= 



Csl+CU 
• (15) 



[0082] 

[Equation 16] 

Ca2Vcc=Qs20 



[0088] 

[Equation 20] 



Va2= 



1 



1 + 



Csi 



Vcc 



[0083] The charges QslO and Qs20 by 
which are aUke and a table is therefore 
carried out are stored. 
[0084] Next, only the charges Qsl and 
Qs2 stored in capacitors Csl and Cs2 are 
discharged by turning ON switches 
SWGl and SWG2 in a step SP 14. And it 
is a degree type [0085] by turning ON 
switches SWLl and SWL2 in the 
continuing step SP 16, after turning OFF 
switches SWGl and SWG2 in a step SP 
15 and setting the potential of an output 
terminal 30 as 0 [V]. 
[Equation 17] 

QslO = (CsH-Cll) 



[0089] Voltage Va2 by the charge QslO 
redistributed to the formation capacitor 
Cs 1 and the distribution capacitor CU by 
the side of the plus input by which is 
alike and a table is therefore carried out 
It reads in a points. 
[0090] Furthermore, it is a degree type 
and [0091]. 
[Equation 21] 

Qs20 = (Cs2-i-Cl2) Vb2 



[0092] 

fc32+Cl2) Vb2=Cs2Vcc 



[0086] [0093] 
[Equation 18] [Equation 23] 

(CslH-Cll) Va2-CslVcc Cs2Vcc 

Vb2^ 

Cs2+Cl2 



[0087] 
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[0094] 

[Equation 24] 

1 

Vb2= • Vcc 

C12 

1 -i- 

Cs2 

[0095] Voltage Vb2 by the charge Qs20 
redistributed to the formation capacitor 
Cs 2 and the distribution capacitor C12 of 
the negative input side by which is aUke 
and a table is therefore carried out It 
reads in b points. Output voltage [ tyjpes I 
(20) types and / (24) ] Va2 corresponding 
to the electrostatic capacity of the 
formation capacitors Csl and C82 by this 
And Vb2 It can obtain and the 
concavo-convex information on a 
fingerprint according to the electrostatic 
capacity of the formation capacitors Csl 
and Cs2 can be read in this way. 
[0096] next, the step SP 17 - setting - 
output voltage Va2 And Vb2 a differential 
amplifier output ■- an output terminal 30 

ejection in this way - the difference 
of sensor electrode 3 An and 3A (n+1) 
information can be acquired. This ends 
the output voltage read procedure RT 1, 
[0097] Therefore, according to the above 
configuration, therefore, ********** can 
be detected on the redistribution voltage 
obtained by therefore redistributing the 
charges QUO and Q120 charged by the 
distribution capacitors CU and C12 to the 
formation capacitors Csl and Cs2, 
respectively, and, thereby, the same effect 



as the 1st above-mentioned example can 
be acquired. 

[0098] (6) it is the gestalt of other 
(24) 

operations -- m the gestalt of the 2nd 
operation of a ****, although the case 
where it considered as circuitry by which 
switch connection of the one differential 
amplifying circuit 27 (27A, 27C, ....) is 
made for every three data lines as all 2nd 
line read circuits 50 was described 
Without restricting to three, the number 
of the data lines which make this 
invention not only this but a group makes 
the four or more data lines 1 set, and you 
may make it prepare a differential 
amplifying circuit to this, and, thereby, it 
can shorten fingerprint detection time. 
You may make it connect two or more 
steps of line read circuits 22 furthermore, 
and, thereby, the information on all the 
lines on the sensor side 12 can be read by 
1 time of line read time. 
[0099] Moreover, it sets in the gestalt of 
above-mentioned operation. Although the 
data line therefore inputted into the plus 
input 28 and the negative input 29 of a 
differential amplifying circuit 27 at 51 A 
and 52A at the input circuit changing 
switch 25 and 26 lists was described 
about the case where it is made for the 
following sensor electrode 3A (n+l) to 
always become the negative input 29 to 
sensor electrode 3An one by one This 
invention fixes connection of not only this 
but the data lines 23 and 24 to a plus 
input 28 or either of 29, and you may 
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make it reverse the polarity of the output 
from a diflferential amplifying circuit 27, 
and, thereby, it can acquire the same 
effect as an above-mentioned case. 
[0100] Moreover, although the case where 
the electrostatic capacity of the formation 
capacitor Cs therefore formed in a 
specimen using a distribution capacitor 
was detected was described, you may 
make it this invention detect the 
electrostatic capacity of the formation 
capacitor Cs therefore to change of the 
amplitude in the gestalt of 
above-mentioned operation, applying not 
only this but alternating voltage to the 
formation capacitor Cs. 
[0101] Furthermore, although the case 
where a switching element 6 (it is SWPl, 
SWP2, SWGl, and SWG2 to a switch 
SWS 1 - a SWSn hst) was therefore 
formed in an FET transistor in the 
gestalt of above-mentioned operation was 
described, even if this invention uses not 
only this but a bipolar transistor, it can 
acquire the same effect as an 
above-mentioned case. 
[0102] 

[Effect of the Invention] The sensor polar 
zone which is formed as mentioned above 
by therefore covering the front face of two 
or more electrodes and the electrode 
concerned to the dielectric layer of 
predetermined thickness according to 
this invention, By having detected the 
voltage by the charge accumulated in the 
capacitor therefore formed in the 



specimen in contact with the front face of 
the sensor polar zone as a differential 
amplifier output from the Ist and 2nd 
electrodes, the inphase component of a 
noise is removed and signal detection 
with a high signal-to-noise ratio can be 
performed. The fingerprint reader which 
can read the configuration of a 
fingerprint with high degree of accuracy 
by the simple configuration in this way, 
and its method can be realized. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is the abbreviation 
diagram showing the whole fingerprint 
reader system configuration by this 
invention. 

[Drawing 2] It is the block diagram 
showing the configuration of aU line read 
circuits. 

[Drawing 3l It is the block diagram 
showing the configuration of a line read 
circuit. 

[Drawing 4] It is the abbreviation 
diagram with which explanation of the 
differential amplifier output by .the equal 
circuit is presented. 

[Drawing 5l It is the flow chart which 
shows an output voltage read procedure. 
[Drawing 6] It is the timing chart of the 
differential output read by the sensor 
electrode. 

[Drawing 7] It is the timing chart of the 
differential output read by the line read 



circxiit. 

[Drawing 8l It is the graph with which 
explanation of the output of a line read 
circuit is presented. 

[Drawing 9l It is the block diagram 
showing the configuration of all line read 

circuits. 

[Drawing lOl It is the abbreviation 
diagram with which explanation of the 
differential amplifier output by the equal 
circuit is presented. 

[Drawing 111 It is the flow chart which 
shows an output voltage read procedure. 
[Drawing 12l It is the abbreviation 
diagram with which explanation of a 
fingerprint reader is presented. 
[Drawing 131 It is the abbreviation 
diagram with which explanation of the 
principle of fingerprint read is presented. 
[Description of Notations] 
1 10 [ .. 25 A detecting element, 26 / An 
input circuit changing switch, 27 / .. 
Differential amplifying circuit. ] .... A 
fingerprint reader, 3, 3Al-3An .. A sensor 
electrode, 13 ..Aline actuation circuit, 15 
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x% m^^mmnmz^-:^xm^^mmxm^(nm^w^^ 

[0010] 

30 [^^ft?*i-6fci?)CO^|S] ^>^^6^iS^ft?gti-6fc 

m'&m»(ommwm \z^-:^xmozt\z^y)w^m^f\.^ 

5 ^ 2 (7)11^1 J: ox« W ^ n 6 m;^ «/E ^^»ii*e u 

6m^(c:J:ox='>'^^-f-^?1^^b. aiS^iv-r.vf- 
Lfcm^t^iJ: smBE^«^mfi|5tc:*5V^X|fi^ 1 ^tl^H 
2(^mi^/?)^^^i/jiiit'sm;^<^ LXl^ttii-6o :iHI^J:*9 
40 *ll^<7)f5lffl/;fe^^^*bxm^»3t^itc^)ii5vMS-^1tW 
;55X^ 

[0 0 11] 

[0012] (1)^1 (DMm(omm 

^*:Sffi±^r?^^i*$tl/c«^(D-fe>'1^m<l3 (3 a 1-3 

An) ^-^ h y ^;^tt^;I2^^k7tigE3^JLx•^(0'fe>i^m1^ 
50 3 (onm\z-mmm(ommxfji^mm{^m^mm'^^ 



5 

[0 0 13] :i(om^. m^mM^mWii 0lc^oV^T 
)Rl;iBa^J$tt6ir Vf-mffi 3 A 1 3 A n tCi:oT^>r 

1 3lCj:oTFET(Field Effect Transistor) 

tCj:oTffi^ir:/1^mi^3 Al-SAnCDrt. ^-f >^Ji 
{C$5V^X8I^5— ji^f^'tVf-mfiiS AniRTJ^S A (n + 

1) ^mik. mi^^m^\^x^m-M(D^>'^mm3 A 
riRu^sA (n + 1) ;o^ibi^^m $n6m:/jm/£(7)it#^ 

[00 14] (2) 9^>mi^^\B]^(Dmf^ 

6o :i(D±9^:^m^^^^2o^m.m'rh\^^ti^. 
{z^'t9^i^mwL^m^2 2{z^\j^xmm'r^. 

[0 0 1 5] i-/^^'^ll]3lC^-f-J;5l-. l^-f^^5><^ 
W;^^^tat-5 7^>S^Slf9ll]K2 2\t.y^-^m2 SR 
Xf2 4%:^l.^ ^^T^-^j8a2 3^^15 2 4^^tt-^nA 
::^««|:=^'<:y^2 5RXf2 6 ^^LXl^mgi5 1 SF^JC^ 

tt htifcmmmmm^ 2 ? (oiExti 2 8 Rn^Ati 2 9 

7{Cj:oT^^— ^i^2 3^t>*2 4^^LTIEA;^J2 8 

«^ 3 0 J; 19 #S w i: jOSx*^ 

[0 0 16] ^-f >'i^^i9[ElSg2 2«irvf-Dil 2(:i4o 
l^T ^-f >Jitcga^J-r 6ir >-t^^1^ S a l ~ S a n 
-^m2 3&t/2 4{Cj;oX^3S»^W^^#X5:v>ig 
v^^c:1g^a■t■So 't^J:t^hM^^£'t2:^(D-':^<D7^-^m 

2 3l;I^5V^T]^^^S^>bom^5>g^fflC0^^■r^/-^^C 
lli:. 7^^-ho$^{iB(^ir^^f-mi^3 A 1. 3A 

3. 3A2 (n-1) ^^^Jg8J|SLTV>-5 (C^IX 

nfia^^Xfe-S) o ^/c^^^i^^i9lH]3g2 2fi>^^ 
/.^-rt> 5-:fr(^7'-^i»2 4|w^ol>XPC<K^Sft^ 

t>om^^)'^affi^^)='^^7^^^i^c i 2 ^^v-howm 

{4e(7)ir>-!^m®3 A2. 3 A 4. 3 A (2 n) ^ 

[0 0 17] m\zmM^im(D=i:^y'iy^c 1 iRt/c 

1 2\'±^^>^mWi^^^2 2C0-fe>'iM;lg3 A I'-'S A 

n ^ n -fe ;^ {;i J: o Xff^^-f 5 ^ Ic^y^- ^ 

mmz±c^m±^m\::x-oxmf^'r^:itr>x^^o 

'r-^«ft2 3^t/2 4f^v>i-nt^^^S«rt>t>. 
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[0 0 18] ^fc^-^«ft2 3:^0^2 4fl-^tl-etb;^'Y 

:y^swp iRu^swp 2^:/M.TSaivcctcg^jKi--6 

[0 0 191 7>f >'S!^l9lfiJBS2 2f:imffiSg^ttlL^. 

trigiblHl^ 1 3 (d:^-( y^>^i^mm^\zX «9 ffi^ 5 

10 Oir^^i^«1^3 AnSLU^3 A (n+1) (DM^MI^-t 
^> ^W}mn\B\^ 2 7 t'\^l^'^mm3 A nRU^ 3 A (n 

+ 1) ^^;lJ:ox|gl4 (A) {z.f^'tx^fjimmAt)^^ 

[0 0 2 0] -f/i^^*>^-f ^-SSSi!9lHliiS2 2(immSS^ 

mb0#. ^rVi^Ml 2(^#^^>'±(::@E^J$ti5ir:/i^ 
3Al-'3An(7)/^ »^ 5 ir ViMRj^ 3 A n 

Xa^3A (n+1) ^51tRbX>^>r:V^SWS niRtJ^S 
WS (n+1) (Cj;oX^-fe>^i^mii3 An^U^S A 
20 (n+1) ^'r-^i^2 3^t>*2 4tcS^)i^UX. 7-^ >- 
gSSlt) 111^2 2 <7)^Wlli*SlHlK 2 7(7)iEA;'j2 8^0?^ 
A;^2 9IcA:/jL. CHI-J; 'Pir^i^m^^S An^a^3 
A (n + i) (cj:§^tljm-^ai;^^#'5<l: ptw/j^^tLX 

[0 0 2 1] C^X|g|4 (A) \Z7f:^tltl^>C>mWL^ 

^^2 2(Dmi¥^m4 (B) {z^'r9>c>mwL^m&2 
[0 0 2 2] ^ffi[HiK4 o^c*5v^x^-^J;5{-. Mmm 

m^^2 7 (DjEAt}mxnjEX:h 2 8^'T-^m2 

30 r/;^><:v^swp i ^r/M^xmaiVccic^jg^-r^i:-^ 

mw}mm^^2 7(DiEAti2s\zLmm^tt^y^-^ 

^2 3(::^'OJi(D^^#g(7:)ir>-f-m<^3 A2 (n- 
1) :Slt/^Kir:/i^m^^3 A2 (n-l) ±{:im9c:mm 
Fr^Wl^mxhn^t^Jf^f^^ti^mf^^:yy':^'^C s 
lMt/t;l^K?^^^=I>--rv■i^c s i\zw^hti^mw^ 

^tflEl3S4 ox(^. ?l^i*=I:/v^::/-^^c s in>^-r:>'^s 
WS 1 twJ:oX7='-^i8S2 3 ^i*J^X(i#^g^jgEtc^SI 

;t. */c;^-f :V^SWG 1 {Cj:oX7=^^j»2 3^i/7 
40 >- Kic^J 19 m PLmm-t 6 J: 5 1^ ^ nx I ^ 6 o 

[00 2 3] LX^ffimK 4 0 (D^A;^fflJXJ:±. 

MihlitilllSS 2 7<DMAti2 9^y'-^m2 ARXI:^-^ 

y^swF2^^i.xmMYcc\:imm,'r^t^\:i. mm 
mmm^2 7<diea^2 8{c:g^^?^$n6-r-^M2 4ic 

7>f V±<^#3S#@0D-fe^f-m<S3 A2 (n-l) 

'^mm3A (2n) lfeOTw^i^ir:x1hS;^gi3 A2 n^TJ? 
»5fe^MFtcJ:ox?i^^^n6?l^j*=i>'7^>'i^C s 2^ 

50 ■r65^ia=I^-'r:/1^c 1 2<^M^jg^jg!-r^o 



(5) 



11-118415 



8 



[0 0 2 4] ccT*ia5i;i^-t:7n>-^^— h^t/me 
2^c*^V^X5>B^='>'■rV^^C 1 l^b^<b?^^=^>'x>'1^C 
y'l^'^C 1 2;?i>^fl^^=i>^-rVf*C s 2m^^5)^gEbfc 10 

[0 0 2 5] •tf^t^hmiiLm^tiM.mmRT li-^y^^y^ 

CslVcc^Qal 



^lwJ:oX?i^j5)c=i>"7^Vi^C s l^^t/C s 2^?f^^$^ 

^5ktc:;^x:y>^sp2tc4ov^T;^>f ty^swp i:r 

t/SWP 2MU5twSWS iRt/SWS 2Sr:^i^ (06 
(a) ) \:iir^:ik\zx^xm^=^>y'>^'^c s iRxf 

c s 2mmz^m=^i^fi^'^c 1 i5:t>x 1 2^masv 

?^fig=':/7^>'i^C s l^U?C s 2^m:i^m='>'f>"^ 
C 1 i:S:U^C 1 2\:in^ti^'ti(DBm^MC s liRtJ^C 
s 2Mt>*lc:c 1 i^t>*C 1 2i6i:;T^n^'H»5:^. 
[0 0 2 6] 



[0 0 2 71 
[0 0 2 8] 
[0 0 2 9] 



CllVcc=Qll 



C12Vcc=Ql2 



★ ★ 



[ISci] 

[^2] 
[^3] 
[%4] 



(1) 



(2) 



( 3 ) 



(4 ) 



[0 0 3 0] X^$tbSmiSQ s 2RXJ^Q s 2M,mZQ 

[0 0 3 1] d^^^LMf^^^^v'^-^C s i:S:t>*C s 2Mt>* 
lw5>g£=^:/'r':^f-C 1 l^tJ^C 1 2(7)5^S^, :^y^yy 
S P 3lC*3V^T^--r ^-V^SWP l^t/SWP 23£WCS 
WS l^TJ^SWS 2^;<^:7 (H) 6 (b) ) Ic-T^^l^lw 

J:oT?i^^=i>'r:/i^c s iRrJC s 2Mt/(;i:^BE=i >- 
-rvi^c 1 IRXfC 1 2^-^n-^tt>'n-7^^ ViJ^^ffi 

[0 0 3 2] 2felc:>^7":y:7'SP4lc^QV^x;^'Y:v^sw^ 

Qal- (Csl+CU) Va 



♦ G lRXfSWG2^:t> 



16 (c) ) tc-r^cirl-J; 
t)5>gE=' vy^vf-c 1 i:s.t>*C 1 2(c:S^P>tL^cm#Q 
1 i^o^Qi 2(7);zf^jKcm-t6o •iebx;^7^:y:/s p 5 
^;I4b^v^x^^:>'^swG i^tJ^swG 2^^:7 (me 
(d) ) I^UXW;^«^3 o<^mte^o [V] {zwt^i^ 
fc^. J^<:^7=-:y:7^SP6(c:j8VNX;^-r:v^sws 1:5: 
t)^sws2^:^v me (e) ) i^-T 6 ^ ^ l^i <t t) 

[0 0 3 3] 



'30 



[0034] 

[0 0 3 5] 



(Csl+CU) Va =CslVcc 



Va = 



CslVcc 
Csl+Cll 



* [1*6] 



(5) 



(6) 



(7) 



[0 0 3 6] 



Va = 



1 -h 



cn 

Cal 



★ ★ [ISC8] 



Vcc 



(8) 



[0 0 3 7] {cJ:oX^$n6iEA;^fifJ(7)Jl^i?K:=^>7^v 

i^c s i^t>*^gE=iv^:/i^c 1 1 {^in^m^tifcmM 

Q s 1 tdiz-SmJEV a ^ a ,^(c:4b^V ^XSg^d:i-ro 



[0 0 4 0] 
[0 0 4 1] 



Qa2= (Ca2+Cl2) Vb 



(C32+C12) Vb -Cs2Vcc 



^ [0 0 3 8] $e)t-»:^. 

[0 0 3 9] 
[1^9] 



♦ ♦ mi 0] 



im 11 



(9) 
(IQ) 




Vb - 



C92VCC 
Cs2+C12 



(6) 
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(11) 



[0 0 4 2] 



Vb - 



1 + 



C12 
Cs2 



* * [|»1 2] 



Vcc 



(12) 



[0 0 4 3] {wJ:oT^$tt6^A;^#J(7)?f^i*='>-7^^ 

i^C s 2Rr^mi:=i>'v'>'^C 1 2{ZW^m^HtcmM 10 

Q s 2l^:J:6mi£vb^b^tc*5V>TSg^Wi-o fi^ox 
5^ (8) ^t>*^ (12) J:«9W:;^®iEVa:S:t>*VblcJ:o 
x^ti't'timf^^>'f:y-^c s i^t/c s 2<7)#m^fl: 

C s l^^tJ^C s 2^MisbhZtf)^^X-^^o 
[0 0 4 4] ?kl;iXx^>:7^S P 7^C^3V^r a^SRt/b.'S 

(Di^timBY a :5:a^v b (Dmw}mmm:^^mtiic^ 3 0 

[0 04 5] CCO<:t 9{CbT^r>'i^® 1 2C0^-r ^^_hl^ 
*3^/^xet|'&5^r>'f-m^l3 An^t>*3 A (n + 1) 20 

w$tl6?l^fi)c='>:7='>'■^^c s iRxy^c s 2<o5>gamst;i 

-C?i^^^>'■7^>'i^C s l25:r>*C s 2 co»mWSlC^S U^fc 
[0 04 6] ?klC7-r >-iSSit)lHl3S2 2jcj:-5ir>f-® 

1 2 1 ^-r i^^(Dm^^ 19 owffli^ia 7 t^i^-r^-r ^ 

[0 0 4 7] CCDJ&'g^. 7^ VSgm!9tHlK2 2tC*5V>T 

IPI^^irVf-mi^S An^t>*3 A (n+1) CO 

Jlftii*i(wJ:^ffi;^j^«||±S-r6c<tt;iJ:oTi^-<>'^ so 
^ 5 ir ^-^mm 3 A 1 ^t/ 2 A 2 tCOV^T^tfcli 

[0 0 4 8] -T^jit^h^i^tfji^m^mmFr-m^mM 

^ (a) T*7^-^^2 3:S:r5 2 4^mMVcc{r^^i-6 

J; 5t-^-f :v^swp i^t/swp 2 ^yt^^^-r^t^ 

{Z^ '^l^-^m®SAl-^SAn^f—^1SI^2 3RXJ^2 4 
\zmf(^-t^±X<D:!^^y^SWS 1 — SWS n^:tl^\Z 
LTir^^i^BI^S A 1~3 An^maiVcclCj;oX?SS 40 

[0 0 4 9] mz^^^:yi^ (b) x^^-r^v^swp 1 
Rt/swp 2^u?lc:;:^-r :y^sws l — SWS n^:^:7 
(wi-6Ci:lcj:!9. ir>^-thm<13 A l'-3 An^:7D- 

x-r v>5^t^te(c^^i-6o mz^^^:yi^ (c) x>^-r 

:y^SWG iZ^T>*SWG2^;^>'l;i-1-6c^{cJ: 
^i6l2 3^t>*2 4^^^:xmjfiLT. r;h.icj:*9:$J^g£ 
3:/y=^vf-c 1 A^^ti^c 1 B^ismi-S. 
[0 0 5 0] ^>:(;i;^-^:y^swG i^t/swG 2^:^:7 
l-bx. nxj^^^ (d) x;:^'^ :y^sws i&t/ 50 



sws 2^:?h^-t6^*{^. mmmm^m2 7(DAtim 

Atf2s\zmmir^x^\z^ iitL^-^m2Afp^^xti 
2 9\zLmmir^^bK^ti^f\^m'&-tho cfojg:^. m 
^-f-mn 3 A 1 Rxj^ 3 A 2 J: -6 mtim&^m 
mmmi^fcm^mti So ^mhmm\B]m2 ? <Dm:ht^^ 

[0 0 5 1] ^t;HrV-thm<^3 A2^t/3 A3(COV>X 

>^^mms Al RXJ^S A 2 (Omi^mtlSQ ^^WLfc 

^-f^>'^ (e) X:^^y^SWS l^:t'y{Zl.X 
ir>'-t^®fii3Al^x-^IS2 3;;5>e)§]'9 8t-r^^ 

. mW)m^^^2 7(DAtfm»::^:^'^y^2 5RXf 
2 6^m:i:^y^m\^^^o »cl;i^^^v^ (f) -C-r 
-^jS2 3(D:^4y^swG 1 ^;e-^/^i-6ci:{;iJ: 
•9. -JL-7^-^i8a2 3^i/^^K«<itcL. 5>gfi='V7^ 
>^f-C 1 1 $riftmi-6o 
[0 0 5 2] llkizntJ^:^^ y^SWG 1 <^;:^:7l;iUfc: 
?fe<7)^-r^>^ (g) XHttiiiUlHlK 2 7 (D A;^«] 

m-t^tmz^ ±>-^mm3A3{zmmir^:^^y^s 

WS3%:ytl^\Z\^X±>'^mm3A3^y^—^m2 3 

mmrt^o ztii,zx^'^i^-^mm3A2\z^i,'f^mtim. 
f£^mw}mm^m2 7 (7:)iEAti2 s\zAt}^n. ±1^-^ 
mm3A3\zisi~^^mtim&tmA:^2 9\zAti^ii. 
f)>< \.X'^>-^mm3A2Rrj3A3\,z.^i,'f^mmmm 

[0 0 5 3] J^TI^^tlc:LT^^^^Jt^w;}o^/^Tir:/^^m 

m3A3Rrj^3A4<Dmmmmmti^^m'f^\zn. »c 

<50^-f (h) x;^-f :y^sws 2 ^;:e-:7{- bTir 

:^-t^S^l3 A2^-7=^-^i6S2 4;ei^e>«i*9g|it-o ^ut^ 
(D^^xi^i^ (j) -c;^>r:y^swG2^;?hvic:LT7=' 
-^192 4tr^7>'Kmffi«^-r'5r <!:i;i<toT. 

>'y^>i^c 1 2^»cmuyh^> ffrj5;^-r:v5^swG2^ 

:^:7lc:-r6o cn(cJ;t)y"-^j^2 4lw^j^t-6Sa^ 
^5^^Sl!9^<o ^LT*0^>r ^ (k) 

SWS 4^:^>'{CUT-fe>-f-mffi3 A4^7^— ^j6ft2 4 

tc:g^«^-r5^*{w. M»ii8*ilHlK2 7(DA;^«J»x.;^-r 
y^2 5^1EAtl2S\zLmm't^X^\z^ ^fc:^-fy^ 
2 6 ^ft A;^ 2 9 ic^ji^-r 6 J: 5 l::^ t) m;tSj^-r 6o 
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tc± i^-^mm 3 A 3 Rxj^ 3 A 4 (D^sb^tc x^mmmm 

[0 0 5 41 :i<DXt)\CLXv^>±\^m^mii^m^X 

sa^J$^^xv^6'fe>'■!^®ffi3Al'-3 And^?>. m^^ 

2 7 (DlEAtl 2 8 :^rj^Atl 2 9 d-^tt-e'tl^Jf^-T 
-5J:5lwLfcC<hicj;o-c. »^ 9 ^i^SI^ 3 A 1 
- 3 A n m(Dmf&=^ ^y^ly-^C s l^l:^ i:^i»ga®EEt^<I: 

^mmmmei:h^'^^6 z t r>x^ 60 
[0 0 5 51 i^tcm^o±>^mm(DmW}Mmn-t^m 
\^m@}n^mf^'r^'^:^'^mms An Rxj^ 3 A (n + 
1) <D{H. ^^(om^^-^^^mms An(D^^^\zmm 

mmm^ 2 7 (DlEAti 2 S t^^^^-r ^ J: 5 L/cC ^ ic: 
J;oT. 0 8 (A) Iw^i-J: ^t-W-a^^^ir^f-mi^s 

A- 3 A (n+1) mx±mi^^m\:^<\.xmmvtcm 
[0 0 5 61 ^^{cm^mti&m^'r^zt{zx^ms 

(B) Jc^i-J: ^^-/vy^— tJ^-^fc^v^f^^ 

$ ^ ^ >r-/Vy^- ^ ^ 2 ft'fb-r 5 C <t d J: ox 

0 8 (C) l;i^-rJ:5>'^2ffl'7^-^^#-5C<i: t>X^ 

[0 0 5 7] ( 3 ) mm(Dmm(Dmi^Rt/^^ 

fSL^mmi o{::^h^xn^^r^±>i^mi 2±\zm9c^ 
wi.^xmm^'^^t. ^^-<>'Sg^i9tHiK2 otcjzt) 

:i:ixm^mWL^mmi otw^^VNXfi. fr^tblnlgSi 3 

{::j;oX. ^f^^-O-d^D^^XiE^J^ti^ir ^^l^mi^ 3 
Al-3 An^^e^lHg^:. g|^5->ttOir>'f-m'tl3 An 

:Rt/3A (n + 1) ^^m^^x.m9ii^ti^^ ^i^x^m 

m^^ti±m^'?-)^(r>±-^'^mms AnRX/S A (n 

+ 1) tt^9GmmF t{zx-::^xmf^^ti^mf^:=^>^'r^^ 

[0 0 5 8] z(Dmf^^:y'f>l^c s iRtJ^C s 2lc:^ 

2 id^^gE i.x:L<Dt^mtf^ti^ mj^(Dmmmmiat} ^ 

y^>m^^m^2 2 ^^LX^m^l 5l:l4bH^Xg^^ 
f*m<S3 An^TJ^3 A (n+1) {Z-D\,^X 1 "7 ^ 

ov>xfi^5c^(c:J:l9. l 7'05)^(D^5>tti:^o^^:flT4r 

[0 0 5 91 $^l^[^«<?5gg^J9i!ji^^^«9(7)^X(^)7 
>r :/|c^LXJ»!9SU^tTt"6r ^IcJ: 19. •tv■^^ffil 

1 2±|c:Joi^xM^i^ffi;^cD2^fe7c:«'fli{cj:-5ffiiK?l^4^o 
[0 0 6 0] :i(Dm. Xf3mmx,:^-<y^2bRU2Q 

J-ct oXMSHaifilHlK 2 7 (?)iEA;tl 2 8 RXJ^MAti 2 9 
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^^3 An^c^uxg^'a^5^^kcoirvi^m^l3 A (n + i) 

^*^mz^Atl2 9\z/j:^Xo\zVtL:z.t\zX^. 
-fe:/i^mffi3 AnRa^3 A (n+1) cot^. ir^-^WM 
BAn^mmtl.X^(0't>^'^mmSA (n+D (DttJ 

[00 6 11 Z(DX^\z.±:y^mi 2Jitc:-v h])^^^ 

vj^isv ^xmi»:m^ ^ ritzm^ 0 vf-ms 3 a n ^^tj? 
3 A (n + 1) (Dmm)m^\^tit\^xm^M^x.b\^\. 

f:L:z.t\zX.K> . Mil)liit>Ml-ctoX-fe>'f-Sffi3 An^U? 

3A (n + 1) m(oim.mt'^mMm&mW}m\^x.^m 

^iP^l^ffi^^<hLX^^b#. uxisv^3lssxm 
tiWE^^m-r^ ^ ^ ;dsx# 60 
[0 0 6 21 J^JLJi(?5«^t-J;n«. -fe^^f-Ml 2JitrB 

^nfc8S-&5-fe>^1^Sffi3 An&tJ^3 A (n+1) 

^irVi?-m^^3 Al-'3 AnOMS^^^/MrUXit 
3Al-'3An;5^ ^<DmtsW^f)^h J -f X^^tf 

[0 0 6 31 *yh^r>-1^m^^3 An ^«5fe^MF ^(7)^ 

C 1 co5)^gfim/E^«lai-^-'5wi:lcJ:oX?^^J*=l>''r^^^i^ 

[0 0 6 4] ^^l;ly'<>^«(CgS^]$n/c^r>'i^mll3 
A l'-'3 A nd^^#y>r :/C0g|'&5irVi^®<13 AnS. 

t;?3A (n + 1) ^^S^LxMtbii*sai;^^«IW-r6t 
^jr, y-^>^Jl^c#•^|l|g(c:|£-<t,ttfc^>'i^mffi3 A 1 

40 - 3 A n CD 9 ^#-^cr)^r Vi^mil 3 n t^'^\C^mm 

2 7 (OlEKti 2 8 (Xtl:^ A;/J 2 9 (DV ^-fM^— 
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